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0 rthodontists long have believed that the tongue and facial muscula- 
ture play an important role in the establishment of alveolar arch form and in 
the precise positioning of the teeth. Among the more recent writers taking such 
a view are Ballard,2 Baker,l Graber,5 MOSS,~ and Hovell.? Brodie4 is perhaps 
representative of this group when he writes: “Alveolar bone being as labile as 
it. is, it should be apparent that the teeth would take their positions around the 
periphery of the tongue and be held in contact wit.h that organ by the forces 
of t,he lips and cheeks. One can say with considerable certainty that the dental 
arch is formed by these two forces.” 
However, several ot.her workers differ, most notably Brash,3 and Scott.“’ 
Thus, Scottto pointed out that little support is available for such a concept : 
“Bone is not so labile as to be completely at the mercy of the adjacent soft. 
tissues. It has its own inherent pattern of growth, and each bone has a shape 
which varies somewhat from species to species. This shape and its species varia- 
tion is not merely a result of the balanced effects of the adjacent soft tissues.” 
IIe further states: “It is, however, more likely that tongue form is determine<1 
by the arches enclosing it within the mouth cavity, than that tongue form should 
determine the normal shape of the arches.” 
In both cases, the tongue and the dental arches arc seen as having a cause- 
and-effect relat,ionship with one another, so that a large tongue might be expected 
to be associated with large dental arches and vice versa. Since no standardized 
method of measurement of tongue size or volume exists for t,hc living (Hopkin” 
has recently described cadaver tongue size), what may be a “large tongue” 10 
one investigator may not be large to another. Therefore, t,he purpose of this 
study was to attempt to devise a method of measuring the volume of the tongue 
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and to explore the relationship of several dental and arch measures with the 
volume of the tongue in normal subjects. 
Method 
In a preliminary pilot study to determine the reliability of subjective 
estimates of tongue size (whether large, medium, or small) two investigators on 
two separate occasions could replicate their estimates for less than half of twenty- 
seven test subjects. For only four of these subjects was there agreement both 
between and within the two investigators on the two separate sets of observations. 
Attempts to measure the size of the tongue by means of calipers failed because of 
the mobile nature of the tongue. Alginate impressions of the tongue also proved 
to be unsatisfactory because of inability to maintain lingual immobility during 
setting of the material. 
A system of fluid displacement was developed, therefore, using a horn-shaped 
mouthpiece into which the tongue was extended (Fig. 1). The mouthpiece was 
covered with 0.003 inch rubber-dam material and connected by tubing to an 
Fig. 1. The apparatus used for measuring tongue volume. 1, Calibrated buret; 2, plastic 
mouthpiece; 3, stop for mandibular incisors; 4, clear plastic windows; 5, 0.003 inch 
rubber-dam membrane; 6, ball valve; 7, shunt valve; 8, reservoir; 9, clamp. The clamp 
for draining the system has been deleted from this drawing for the sake of simplicity. 
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Fig. 2. Cephalometric radiograph of a subject with his tongue protruded into the mouth- 
piece. The tongue outline has been inked to make it visible in this reproduction. Note 
the fine wire ligature around the edge of the mouthpiece, running from the upper second 
molars to the lower incisors. 
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longest plaster tongue was larger in diameter at its base than t.he shortest tongue 
and more closely fitted the opening of the mouthpiece, so that the membrane 
adapted itself more closely to the longest plaster tongue, resulting in the smallest 
percentage of error. 
It was found, in measuring human subjects, that the effort involved in 
protruding the t,ongue into the instrument must be standardized for each sub- 
ject. Having the subjects protrude along a millimeter ruler prior to the instru- 
ment reading provided an individual achievement goal for subsequent protrusion 
of the tongue into the instrument. 
Testing for accuracy 
To obtain an estimate of the repetitive error of measurement, seventeen sub- 
jects were measured twice, at least one week apart. On each occasion, three 
volume readings were taken and averaged to give a “reading” for each subject. 
The mean difference for seventeen subjects between the first and second “read- 
ings” was 2.3 cc., with a standard deviation of 1.4 CC. Since motivation plays 
a rather obvious role in obtaining readings, it is doubtful whether significantly 
more accurate readings could be obtained with this device. In an attempt to 
improve reliability, however, a series of eight volume readings were made on 
each subject for the major part of the investigation which follows. 
A sample of thirty-nine men, ranging in age from 20 to 37 years, was chosen 
for our study of the relationship between volume and various arch dimensions. 
Fig. 3. The measurements made on the mandibular casts at the top and the two measure. 
ments taken from the cephalograms at the bottom. 
Fig. 4. Photograph of the strongly scalloped tongue of one subiect. 
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Hypotheses 
The following hypotheses were tested in this study: (1) that this instrument 
provides a more reliable estimate of tongue volume than a visual appraisal, 
(2) that tongue length (extensibility) and volume are related, (3) that tongue 
volume is related to bimolar width, intercanine width, arch perimeter, inter- 
incisal angle, and the angle of the incisors to the mandibular plane, (4) that 
tongue length (extensibility) is related to bimolar width, intercanine width, arch 
perimeter, interincisal angle, and to the angle of the incisors to the mandibular 
plane, and (5) that scalloping of the tongue indicates a large tongue. 
Findings 
The instrument gave an average error, on repeated readings, of 2.3 C.C. + 1.4 
CC., as discussed above. Thus, in the error study of seventeen subjects, in only 
two cases were the tongues classified differently (small, medium, or large) on 
the second reading, whereas in the subjective appraisal more than one half of 
the subjects were appraised differently the second time. 
The distribution of tongue volumes as measured by the fluid-displacement 
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Fig. 5. Bar graph of the distribution of measurable tongue volume for thirty-nine subjects. 
Table I. Sample correlation coefficients of measurable tongue volume and other 
variables (N = 39) 
Variable Pair 
Correlation 
coejficient V test 
Tongue volume-bimolar width 
Tongue volume--intercanine width 
Tongue volume-arch perimeter 
Tongue volum+interincisal angle 
Tongue volume-angle of incisors to mandibular plane 






it standard deviation of’ 4.9 CC. The extensibility or length of the prot-rudttl toll- 
gue was found t,o haw a correlation with measurable volume of 0.26 (t, = 1.64 i 
which is not statistically significant. 
Table I sh0Ws tllc correlation of tongut: \ol1lmc with 1 hr> otllcr \~illkhlOS 
measured. It will be noted that only the correlation between measurable tongue 
volume and arch perimeter is statist,ically significant at, the 0.05 lewl of’ WIT- 
fidCllW. 
Table II shows the correlations of tongue length n-it11 the other variables 
mcasurcd. Nom? of these are statistically significant. 
Fig. 6 compares the distribution of: the tongue volume of scalloped tongnw 
with the main sample of thirty-nine subjects. The average tongue volnmc I’OY 
scalloped tongues was 28.6 c.c.! with a standard deviation of 3.8 C.C. This is llcri 
cliffwent statist,ically from the average of 31.4 c.c. for the main sample. 
Discussion 
This method of measurement appears to bc more accuraate and objective than 
a visual appra.isal of tongue size. 
Table II. Sample correlation coefficient of tongue length and other variables (N =;I 39) 
Tongue length (actual)-bimolar width -0.110 -0.6i.3 
Tongue length (actual)-intercaninc width 0.116 0.70.5 
Tongue length (actual)-arrh perimeter -0.106 -0.616 
Toque length (nc:tual)-iIrterincisa1 angle fI.l-kfi II.887 
Tongue length (actual )-angle of incisors to mandibular plaw --I~.“09 -1.279 
VOLUME (CC) 
Fig. 6. Bar graph of the measurable volume for the tongues of seventeen subjects with 
scalloping (in black) superimposed on the bar graph of the subiects in the main sample. 
(See Fig. 5.) 
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As stated in the second hypothesis, one might expect a longer tongue to have 
greater volume than a shorter tongue. However, according to the findings of this 
study, such is the case only to an insignificant extent, at least in normal subjects. 
This method of measuring tongue volume accounts for three dimensions of the 
extended tongue, of which extensibility or measurable length is only one. Width 
and thickness factors appear to be equally important. 
With regard to the third hypothesis (Table I), four of the variables related 
to measurable tongue volume (bimolar width, intercanine width, interim&al 
angle, and arch perimeter) increase or decrease with tongue volume. However, 
the size of the correlation coefficients suggests caution in drawing inferences from 
these relationships. Only one correlation, that with arch perimeter, is statistically 
significant at the 0.05 level. Such a relationship is of limited clinical utility. 
However, it is of interest to note that arch perimeter combines two dimensions, 
thus approximating the three dimensions of the tongue to a greater extent. than 
the other measures. The size of the correlation of incisor angle to mandibular 
plane with measurable tongue volume, for all practical purposes, may be con- 
sidered zero. 
With regard to the fourth hypothesis (Table II), of the five variables tested 
with protruded tongue length, only one (intercanine width) increases with in- 
creasing tongue length. It might be expected that an increase in protruded length 
of the tongue would coincide with a decrease in the interincisal angle and an 
increase in the arch perimctcr and the angle of the lower incisors to the mandib- 
ular plane. This was not the case, and the relationship in all five measures is 
sufficiently low as to be essentially random. Again, protruded tongue length is 
but one of three pertinent variables. Width and thickness are also important. 
The sample of subjects with scalloped tongues showed no difference from 
the main sample, thus refuting the hypothesis that scalloping indicates a large 
tongue. 
The low correla,tion coefficients found between the paired variables thus sug- 
gest that, at least within a normal range of tongue volumes, a large tongue can 
be found with either large or small dental arches and that a small tongue may 
a.lso be found with either large or small dental arches. The findings may also be 
seen as supporting Brash,3 who said: “. . . it is improbable that the tongue 
exercises any important direct mechanical influence on the general form and 
size of the mandible. . . .” They also tend to support Scott,‘o who said: “The 
primary form of the alveolar processes and dental arches is determined before 
birth prior to the eruption of the teeth and independent of muscle activity. . . . 
The postnatal development of the alveolar processes and dental arches is such 
that arch form is maintained in spite of the greater pressure exerted by the 
tongue as compared with the lips and cheeks.” 
Thus, there appears to be no close relationship between tongue volume and 
lower arch dimensions, incisor angulation, tongue length, or scalloping of the 
tongue, at least in the sample of normal adult males studied here. 
This was a study simply of volume. However, it has been assumed that the 
density of the tongue does not vary markedly from person to person; nor have 
lingual pressures been measured. Recent investigations by Lear8 show that tongue 
irIltl cheek p~c~sures seldom balance precisely. Thus, neither tlrc volw-nc~ 1101’ that 
pressure of the torrguc appear-s to have as great an influence on the size of the 
(lental arch as was thought, 
Summary 
A met.hod ut,ilizing the principle of fluitl t~isplacemcnt, was (levised to mefsrr r(’ 
the volume of the anterior portion of the tongue, 
_I sample of thirty-nine men was used to test the relationships bct\vec~rr 
nrcasurable tongue volume, tongue lcngt,h, certain angular~ cephalometric mca- 
srrwments, anti lows arch dimensions. Scvcntecn subjects showing scalloping 
of the lateral boatlers of the tongue were compared with the main sample. 
(‘onclusions from this investigation are as f’ollows : 
1. The \-olume of the anterior portion of the tongue can be measurcci 
lvith an averirge accuracy of 2.3 c.c. t- 1.4 c.e., using the instrument de- 
scribed hew. 
2. In this sample, and with this methocL of measurement, the volume 
ant1 length of the tongue seem to have little, if any, influence on the width 
am1 length of the louver tlcntal awh, on the degree of interim&t1 relation- 
slrip, and on the angle of the lower incisor teeth to the mandibular plane. 
3. A statistically significant correlat.ion of 0.4 exists between rneasur- 
ilblC tongue volumr ilIlt arch perinirtcr. 
4. Scalloping of the tongue does not appear to be an indication of a 
large tongue. 
The authors are grateful to Professor Robert E. Moycrs for his encouragement in this 
5tull.v and to the C!lass of 196s (Dentistry) for their willingness to participate in the stud:,. 
REFERENCES 
1. Baker, R. E.: ‘I% tongue and dental function, AM. J. ORTHODONTICS 40: 92i-929, 1954. 
2. Ballard, CT. E’.: The significance of soft tissue morphology in diagnosis and treatment 
planning, Tr. European Orthodont. Roe., pp. I-13-169, 1953. 
::. Brash, J. c’., Mck’eag, H. T. A., and Scott, J. H.: The aetiology of irregularity anlt 
malocclusion of the teeth, London, 1956, Dental Roard of the United Kingdom, p. i’llI. 
1. Brodie, A. G.: Thoughts on the aetiologp of malocclusion, Tr. European Orthodont. Sot. 
33: 200-21.5, 1957. 
5. Graber, T. M.: Orthodontics, Principles and Practice, ed. 3, Philadelphia, 196tij I\-. 13. 
Saunders Clompany, p. 317. 
ti. Hopkin, G. l?.: Neonatal and adult tongue dimensions, A 4ngle Orthodontist 37: 132-133. 
l!l(ii. 
7. Novell, J-. H.: The relationship of t.he oro-facial musculature to occlusion: (‘urrent 
British thought. In Kraus, X. S., and Riedel, R,. A. (editors) : Vistas in orthodontics, 
Philadelphia, 1962, Lea & Febiger, pp. 328.345. 
S. Lear, C. R. C’.: Aymmetrp analyses of the palate and maxillary dental arch, AngIrL 
Orthodontist 38: 56-62, 1968. 
II. Moss, M. L.: The functional matrix. III Kraus, B. S., and R.iedel, R. A. (editors) : Vistas 
in orthodontics, Philadelphia, 1962, Lea & Febiger, pp. 8.5-98. 
16. Scott, .T. H.: The role of soft tissue in determining normal and al~normal dental (~cll~- 
sion, I>. Practitioner & I). Record 11: 302-308, 1961. 
lfi,P91 Farmington, 
Liconin, Rich. 
